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(57) Abstract: A magnetic impact device includes at least one hammer rel- 
atively movable with respect to at least one chuck. One of the at least one 
hammer and the at least one chuck has at least one magnet Another of the at 
least one hammer and the at least one chuck has at least one magnet or mag- 
netic material. A driving unit is configured to move the at least one hammer 
relatively to the at least one chuck to magnetically generate impact motion of 
the at least one chuck. 
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DESCRIPTION . 

MAGNETIC IMPACT DEVICE AND METHOD FOR MAGNETICALLY 
GENERATING IMPACT MOTION 



FIELD OF THE INVENTION 

The present invention relates to a magnetic impact device, a power tool having 
the magnetic impact device and a magnetic impact generator. The present 
invention further relates to a method for magnetically generating impact motion. 

BACKGROUND ART 

Portable power tools used for drilling, fastening and the lll<e are expected to be 
relatively small and light, yet provide high power to perfomi the functions. Refemng 
to Fig. 1 . the tool is typically driven by an electric motor 1 1 0. The rotational motion 
of the motor 1 1 0 is transmitted to a chuck 1 60 which holds a tool bit 11 5 by means 
of an intermediate mechanism 1 20. The motor 1 1 0 is generally small due to 
restrictions imposed on overall size and weight of the portable power tools. Umited 
power of the small motor might not be enough to drive the intended load. A 
hammer type of mechanism 1 20 is introduced to respond to the need to generate 
high output torque from a small drive. 

Referring to Fig. 2, the hammer type of mechanism 120 is rotated by the motor 
110. The hammer type of mechanism 1 20 includes hammers (1 20a and 1 20b) . 
The hammer type of mechanism 120 stores the rotational energy of the motor 1 10 
over a large angle of rotation, for example, half turn (1 80'). Then the hammers 
(1 20a and 1 20b) hit the chucl< 1 60 to create an impact torque over a small angle (for 
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example 10») of rotation of the chuck 160. In this portable powertool. noise is 
made when the hammers (120a and 120b) hit the chucks 160. 

DISCLOSURE OF THE INVENTION 

AccoKling to one aspect of the present invention, a magnetic impact device 
includes at least one chuck, at least one hammer and a driving unit The at least 
one hammer is relatively movable with respect to the at least one chuck. One of 
the at least one hammer and the at least one chuck has at least one magnet. 
Another of the at least one hammer and the at least one chuck has at least one 
magnet or magnetic material. The driving unit is configured to move the at least 
one hammer relatively to the at least one chuck to magnetically generate impact 
motion of the at least one chuck. 

According to another aspect of the present invention, a power tool includes a 
magnetic impact device. The magnetic impact device includes at least one chuck, 
at least one hammer and a driving unit. The at least one hammer is relatively 
movable with respect to the at least one chuck. One of the at least one hammer 
and the at least one chuck has at least one magnet. Another of the at least one 
hammer and the at least one chuck has at least one magnet or magnetic material. 
The driving unit is configured to move the at least one hammer relatively to the at 
least one chuck to magnetically generate impact motion of the at least one chuck. 

According to further aspect of the present invention, a power tool magnetic 
impact generator includes at least one chuck and at least one hammer. One of the 
at least one hammer and the at least one chuck has at least one magnet. Another 
of the at least one hammer and the at least one chuck has at least one magnet or 



V 
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magnetic material. The at least one hammer is configured to be moved relatively to 
the at least one chuck to magnetically generate impact motion of the at least one 
chuck. 

According to further aspect of the present invention, a method for magnetically 
generating Impact motion includes providing at least one chuck and providing at 
least one hammer. One of the at least one hammer and the at least one chuck is 
provided with at least one magnet Another of the at least one hammer and the at 
least one chuck Is provided with at least one magnet or magnetic material. The at 
least one hammer is moved relatively to the at least one chuck to magnetically 
generate impact motion of the at least one chuck. 



BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the invention and many of ttie attendant 
advantages thereof will be readily obtained as the same becomes better understood 
by reference to the following detailed description when considered in connection with 
the accompanying drawings, wherein: 

Fig. 1 is a cross sectional view of a portable power tool of background art- 
Fig. 2 is a schematic top plan view of a hammer type impact generator of 
background art; 

Fig. 3 is a schematic side view of a portable power tool according to an embodiment 
of the present invention; 

Fig. 4 is a perspective view of a magnetic impact device according to an 
embodiment of the present invention; 
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Rg. 5 is a schematic top plan view of the magnetic impact device according to the 
embodiment of the present invention; 

Fig. 6 is a perspective view of an impact generator according to the embodiment of 
the present invention; 

Fig, 7 is a top plan view of the impact generator according to the embodiment of the 
present invention; 

Fig. 8 is a schematic top plan view of the impact generator according to the 
embodiment of the present invention; 

Figs. 9(a)-9(c) are explanatory illustrations for explaining an operation of the 
magnetic impact device according to the embodiment of the present invention; 
Figs. 10(a)-10(c) are explanatory illustrations for explaining an operation of the 
magnetic impact device according to the embodiment of the present invention using 
a mechanical analogy of a ball rolling on a curved surface under an influence of 
gravity; 

Fig. 1 1 shows results of magnetic field simulation of the magnetic impact device 
according to the embodiment of the present invention; 
Fig. 1 2 is a perspective view of an impact generator according to another 
embodiment of the present invention; 

Fig. 1 3 is a top plan view of the impact generator according to the another 
embodiment of the present invention; 

Fig. 14 is a top plan view of a portion of an impact generator according to yet 
another embodiment of the present invention; 
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Fig. 1 5 is a perspective view of an impact generator according to another 

embodiment of the present invention; and 

Rg. 1 6 is a top plan view of the impact generator shown In Fig. 1 5. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The embodiments will now be described with reference to the accompanying 
drawings, wherein like reference numerals designate corresponding or identical 
elements throughout the various drawings. 

Referring to Fig. 3, a portable power tool 100 used for drilling, fastening and the 
like includes a magnetic impact device 25. The magnetic impact device 25 includes 
an impact generator 2, a motor 10 and a shaft 8 which connects the Impact 
generator 2 and the motor 10. The magnetic impact device 25 is configured to 
generate an impact motion. The portable power tool 100 includes, for example, an 
impact driver and the like. 

Referring to Figs. 4 and 5. the impact generator 2 includes at least one hammer 
4 and at least one chuck 6. In this embodiment, the impact generator 2 includes a 
plurality of hammers 4 and a plurality of chucks 6. The hammer 4 is, for example, a 
solid plate. The chuck 6 is, for example, a frame which can accommodate the 
hammer 4 within the frame. The hammers 4 are connected to a circumferential 
surface of the shaft 8, for example, with substantially equal angular space (ehs) (see 
Fig. 7). The shaft 8 is rotatable around an axis Z of the shaft 8 which is 
perpendicular to an X-Y plane. In Figs. 4 and 5, the impact generator 2 includes, 
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for example, nine hammers 4. The hammer 4 has both side faces (4a) which 
extend from the axis Z and are substantially perpendicular to the X-Y plane. The 
hammer 4 has. for example, a substantially fan-shaped cross section taken along 
the X-Y plane. 

Refening to Rgs. 4, 5 and 7, in the present embodiment, a central angle (Sh) of 
the hammer 4 between the side faces (4a) is, for example, about 20". The angular 
space (8hs) between the hammers 4 is. for example, substantially equal to the 
central angle (Gh) of the hammer 4, i.e., about 20°. However, the angular space 
(Ghs) between the hammers 4 may be different from the central angle (eh) of the 
hammer 4. The shaft 8 is connected to the motor 1 0. Accordingly, the motor 1 0 
rotates the hammers 4 via the shaft 8. The chuck 6 Is connected to a tool, for 
example, a driver 20 to rotate screws by impact rotational force. 

The chucks 6 are provided to be coaxial with the hammers 4 and to be relatively 
rotatable with respect to the hammers 4 around the shaft 8. The chucks 6 are 
made of soft magnetic material of high pemieability. The chucks 6 are provided 
around the shaft 8, for example, with substantially equal angular space. In Rgs. 4 
and 5, the impact generator 2 includes, for example, nine chucks 6. Although the 
number of the hammers 4 is the same as that of the chucks 6 in the present 
embodiment, these numbers may be different. The chuck 6 is, for example, 
substantially trapezoidal In a top plan view (see Rg. 5). The chuck 6 may have a 
substantially fan-shaped form in the top plan view. 
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In the present embodiment, a central angle (Gc) of the chuck 6 is. for example, 
about 20". The angular space (Gcs) between the chucks 6 is, for example, 
substantially equal to the central angle (Be) of the chuck 6, i.e., about 20". However, 
the angular space (Gcs) between the chucks 6 may be different from the central 
angle (Gc) of the chuck 6. Further, the angular space (Gcs) between the chucks 6 
and the central angle (Gc) of the chuck 6 may be different from the angular space 
(Ghs) between the hammers 4 and the central angle (Gh) of the hammer 4. 
respectively. 

Rgs. 6 and 7 show the Impact generator 2. Only two hammers 4 and two 
chucks 6 are illustrated in order to simplify the drawings. Referring to Rgs. 6 and 7, 
the hammer 4 includes first and second yokes (4c and 4d) and a permanent magnet 
(4b) which is sandwiched between the first and second yokes (4c and 4d). The 
permanent magnet (4b) is connected to the shaft 8 and radially extends fi-om the 
shaft 8. The first and second yokes (4c and 4d) are made of soft magnetic material 
of high permeability. The function of the first and second yokes (4c and 4d) is to 
collect the magnetic field emanated by the permanent magnet (4b) and to direct the 
magnetic field to the chucks 6. The outer circumferences of the permanent magnet 
(4b) and the first and second yokes (4g and 4d) are arc-shaped in the X-Y plane. 
The central smgie (6m) of the arc of the permanent magnet (4b) is, for example, 
about 1 0". The central angle (Gy) of the arc of each of the first and second yokes 
(4c and 4d) Is, for example, about 5". The cross section of the hammer 4 taken 
along the plane including the axis Z may be substantially rectangular. The air gap 
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between the hammer 



4 and the chuci< 6 is, for example, about 0.25 mm. It is 



preferable that the air gap Is as small as possible. 

Referring to Rg. 8. a magnetization direction of the pemnarient magnet {4b) Is 
along the circumferential direction of the shaft 8. As shown in Fig. 8. the hammers 
4 are provided such that N-pole and S-pole of the permanent magnet (4b) are 
alternatively positioned. 

Referring to Rgs. 8, 9(a)-9(c) and 10(a)-10(c). the operation of the magnetic 
impact device 25 will be explained. In these figures, hammers 41 and 42 among 
the hammers 4 and chucks 61 and 62 among the chucks 6 are illustrated to simplify 
the explanation. Rgs. 1 0(a)-1 0(c) shows a simple mechanical analogy of a ball 
rolling on a curved surface under the Influence of gravity. Refening to Rg. 9(a), the 
shifting angle (AG) (see Rg. 7) formed between the hammer 42 and the chuck 62 is 
equal to zero. Namely, the chuck 62 substantially completely accommodates the 
hammer 42 therein. At this angle, magnetic field lines emanating from the hammer 
42 travel through the soft magnetic material of the con-esponding chuck 62 to 
complete the magnetic circuit. Accordingly, the hammer 42 is at stable equilibrium, 
being attracted strongly to the chuck 62. Magnetic energy stored in the permanent 
magnet (4b) (or alternatively in the air gap) is at its minimum. Refemng to Rg. 
1 0(a). this situation is similar to the situation in which the ball locates at the bottom 
portion of the curved surface. In this situation, potential energy of the ball is 
minimum. 



wo 2004/012910 



PCT/JP2003/009618 



9 



Referring to Fig. 9(b). if the hammer 42 is rotated (for example in the clockwise 
direction), the chuck 62 feels a pull towards the hammer 42 due to magnetic 
attraction. If the chucks 6 cannot be rotated by the hammer 4 because the load of. 
the chucks 6 Is larger than the rotational torque, energy provided by the motor 10 
begins to accumulate as magnetic energy as the shifting angle (AG) increases. 
Refening to Fig. 10(b), this situation is similar to the situation in which the ball goes 
up the slope of the curved surface so that potential energy of the ball increases. 

Referring to Fig. 9(c). at the shifting angle (Ae) of 1 807n. for example. 20°. the 
hammer 42 is midway between two consecutive chucks (61 and 62), wherein "n" 
represents the number of the hammers or the chucks. At this angle the hammer 42 
is at unstable equilibrium. Referring to Rg. 1 0(c). this situation is similar to the 
situation in which the ball locates at the top of the curved surface. The potential 
energy of the ball is maximum. 

Returning to Fig. 9(c). a small rotation of the hammer 42 in the clockwise 
direction makes the hammer 42 get attracted magnetically towards the forward 
chuck 61 . Under the torque of magnetic attraction, the hammer 42 accelerates 
towards the fonward chuck 61, i.e.. the next stable equilibrium point, dissipating the 
stored magnetic energy. With adequate angular momentum, the hammer 42 goes 
past the forward chuck 61 (the equilibrium point) and exerts a momentary attractive 
torque on the forward chuck 61 in the clockwise direction. This torque is the impact 
torque generated magnetically in a non-contact manner. Namely, magnetic energy 
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stored while the hammer 42 is trying to escape the attraction of one chuck 62 is 
used to generate an impact to the next chuck 61. 

The magnetic field necessary for generating the Impact is provided by the 
permanent magnet. Magnetic energy stored and transmitted for generating the 
impact corresponds to the change of internal energy of the pemnanent magnet. 
Minimum internal energy of the pemnanent magnet is zero. Maximum internal 
energy of the permanent magnet Is limited by the remanence (Br) and volume 
fraction of the pemianent magnet in the total volume. Given those parameters, one 
can estimate maximum magnetic energy variation available for generating an impact 

In the present embodiment, for example, the remanence (Br) is about 1.2 tesia, 
volume fraction of the magnet is about 0.1 8. In this case, the estimated ma)dmum 
energy variation is about 4.4J. 

Results of the magnetic field simulation of the magnetic impact device 25 shown 
in Figs. 4 and 5 are given in Fig. 1 1 . Magnetic torque generated between the 
hammers 4 and the chucks 6 changes in a substantially triangular fashion from zero 
to peak value to zero as the shifting angle (AG) changes from 0" to 1 807n. Integral 
of the torque over the angle 0° to 1807n (area underneath the torque curve) is 
approximately equal to the energy variation mentioned above. Given a target peak 
torque to achieve and maximum energy >^riation, one can determine the numbers 
(n) of hammers and chucks considering ma)dmum dimensions of the impact 
generator (for example, the diameter is about 60 mm and the length is about 60 mm). 

In the present embodiment, the maximum energy variation is 4.4 (J), target peak 
torque is 30 (Nm). Accordingly, the number (n) is equal to approximately 9. 
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Torque increases as the radius at which the magnetic interaction between the 
hammers 4 and the chucks 6 occurs, in the impact generator 2 shown in Figs. 4 
and 5, for example, a radius of the hammer 4 is determined as large as possible (for 
example, 27.5mm) within the limits like maximum radius (30mm) of the device and 
maximum magnetic field allowable In the soft magnetic material (about 2 tesia). 

In the magnetic impact device 25 according to the present embodiment of the 
present invention, impact noise associated with mechanical hammer impact device 
may reduce. 

In the magnetic impact device 25 as shown in Figs. 4-7, the permanent magnet 
{4b) is connected to the shaft 8 and radially extends from the shaft 8. Further, as 
shown in Fig. 8, a magnetization direction of the permanent magnet (4b) is along the 
circumferential direction of the shaft 8. However, as shown in Figs. 1 2 and 1 3, the 
hammer 4 may include a yoke (4e) and first and second permanent magnets (4f and 
4g). Refen-ing to Figs. 1 2 and 1 3. the yoke (4e) is connected to the shaft 8. The 
first and second pemianent magnets (4f and 4g) are provided on the outer 
circumferential surface of the yoke (4e) such tiiat the first permanent magnet (4f) is 
positioned fonward witii respect to tiie second permanent magnet (4g) in tiie 
clockwise rotational direction. The first and second permanent magnets (4f and 
4g) are magnetized in radial direction. The magnetization direction of tiie first 
permanent magnet (4fl is opposite to that of tiie second permanent magnet (4g) 
(see Fig. 13). 
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Fig. 1 4 is a top plan view of a portion of tlie magnetic impact device 25 
according to another embodiment of the present invention. Referring to Rg. 1 4, the 
shaft 8 is coaxially provided in a cylindrical shaft 80. The outer circumference of 
the shaft 8 is connected to the cylindrical shaft 80 via a mechanical spring 12. The 
hammers 4 are connected to an outer circumferential surface of the cylindrical shaft 
80. for example, with substantially equal angular space. The chucks 6 are provided 
to be coaxial with the hammers 4 and to be relatively rotatable with respect to the 
hammers 4 around the cylindrical shaft 80. 

In the embodiment as shown in Fig. 4, the electric motor 10 rotates the 
hammers 4. Generally, this electric motor 1 0 is small. Since such a motor 
generates relatively low torque, it would be difficult to store enough energy in the air 
gap over the shifting angle (AO) of 1807n. 

in the magnetic impact device 25 shown in Fig. 14, the energy to be stored in 
the air gap may increase, because the mechanical spring 12 is provided between 
the motor 1 0 and the hammer 4 as shown in Fig. 1 4. Namely, the spring 1 2 
elastically deforms to store energy therein when the motor rotates the shaft 8. The 
torque of the shaft 8 is amplified and transmitted to the cylindrical shaft 80 via the 
spring 1 2. Accordingly, even though the output torque of the motor 1 0 is small, the 
motor 10 can rotate the hammers 4 against the magnetic force between the 
hammers 4 and the chucks 6. The spring 12 is chosen such that motor energy 
stored over a large angle of rotation of the motor (for example 1 80°) is equal to the 
peak energy stored over Vne small angle of 1807n (for example 20°). 
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In the above described embodiments according to the present invention, the 
chuck 6 has a frame shape inside of which the hammer 4 passes through. 
However, the hammer may have aframe shape inside of which the chuck passes 
through. 

Rgs. 1 5 and 16 show a magnetic impact device 25 according to yet another 
embodiment of the present invention. Referring to Rgs. 15 and 16. the Impact 
generator 2 includes a plurality of hammers 4 and a plurality of chucks 6. The 
hammers 4 are. for example, similar to hammers shown in Figs. 4 and 5. The • 
hammers 4 are connected to a circumferential surface of the shaft 8. for example, 
with substantially equal angular space. The shaft 8 Is connected to a linear motor 
10 and linearly movable along the axis Z of the shaft 8. In Rgs. 15 and 16, the 
impact generator 2 includes, for example, six hammers 4. 

The chucks 6 are provided to be coaxial with the hammers 4 and to be relatively 
linearly movable along the axis Z. The chucks 6 are provided around the shaft 8 
facing the corresponding hammers 4. respectively. In Rgs. 1 5 and 1 6, the impact 
generator 2 includes, for example, six chucks 6. Although the number of the 
hammers 4 is the same as that of the chucks 6 in the present embodiment, these 
numbers may be different. 

Referring to Rg. 15. when the hammers 4 are outside the chucks 6, the 
hammers 4 get attracted magnetically towards the chucks 6. The hammers 4 move 
in a first moving direction (MD1) along the axis Z. The hammers 4 go past the 
chucks 6 (the equilibrium point) and exerts a momentary attractive force on the 
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chucks 6 in the first moving direction (MD1). This force is the linear impact force 
generated magnetically in a non-contact manner. Namely, magnetic energy stored 
while the hammers 4 are trying to escape the attraction of the chucks 6 is used to 
generate an impact to the chucks 6. Then, the hammers 4 moves in a second 
moving direction (MD2) opposite to the first moving direction (MD1) and the 
magnetic impact device 25 generates linear impact motion in the second moving 
direction (IVID2). Accowling to the present embodiment of the present invention, 
linear impact motion may be gejierated while the impact noise reduces. 

In the above described embodiments, the pemianent magnet is provided to the 
hammers 4. However, the permanent magnet may be provided to the chucks 6 
and the magnetic material is provided to the hammers 4. Further, the pemianent 
magnet may be provided to both the chucks 6 and the hammers 4. 

In the above described embodiments, either rotational impact motion or linear 
impact motion is generated. However, a magnetic impact device generating the 
impact motion combining the rotational Impact motion and the linear impact motion 
may be obtained. 

Obviously, numerous modifications and variations of the present invention are 
possible in light of the above teachings, it is therefore to be understood that within 
the scope of the appended claims, the invention may be practiced othenwise than as 
specifically described herein. 
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CLAIMS: 

1. A magnetic impact device Comprising: 
at least one chuck] 

at least one hampier relatively movable with respect to tlie at least one chuck, 
one of said at least one hammer and said at least one chuck having at least one 
magnet, another of said at least one hammer and said at least one chuck having at 
least one magnet or magnetic material; and 

a driving unit configured to move said at least one hammer relatively to said 
at least one chuck to magnetically generate impact motion of said at least one 
chuck. 



2, A magnetic impact device according to Claim 1 , wherein the magnetic impact 
device includes a plurality of hammers and a plurality of chucks and wherein a 
number of said plurality of hammers and a number of said plurality of chucks are the 
same. 

3. A magnetic impact device according to Claim 1 , wherein the magnetic impact 
device includes a plurality of hammers and a plurality of chucks and further 
comprises a shaft to which said plurality of hammers are radially connected, and 
wherein the plurality of chucks are provided corresponding to the plurality of 
hammers. 
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4. A magnetic impact device according to Claim 3, wiierein said plurality of 
hammers are radially connected to said shaft with substantially equal angle spaces, 
and wherein the plurality of chucks are provided along a circumference of said 
plurality of hammers with substantially equal angle spaces. 

5. A magnetic impact device according to Claim 1 , wherein said at least one 
hammer comprises: 

at least one yoke which is made of magnetic material and to which said at least one 
magnet is provided. 

6. A magnetic Impact device according to Claim 5, wherein the magnetic impact 
device includes first and second yokes which sandwiches said at least one magnet 
therebetween. 

7. A magnetic impact device according to Claim 1 , wherein said at least one 
magnet is a permanent magnet. 

8. A magnetic impact device according to Claim 1 . wherein said at least one 
hammer is connected to a shaft and wherein said driving unit Is configured to rotate 
said at least one hammer around the shaft. 

9. A magnetic impact device according to Claim 8, wherein said at least one chuck 
has a frame shape inside of which said at least one hammer passes through. 
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1 0. A magnetic impact device according to Claim 8. wherein said at ieast one 
hammer and said at least one chuck have a substantially fan-shaped cross section 
taken along a plane perpendicular to an axis of said shaft. 

11. A magnetic impact device according to Claim 1 0. wherein a central angle of ttie 
substantially fan-shaped cross section of said at least one hammer is substantially 
equal to a central angle of the substantially fSm-shaped cre>ss section of said at least 
one chuck. 

1 2. A magnetic impact device according to Claim 8, wherein said at least one 
hammer has a frame shape inside of which said at least one chuck passes through. 

1 3. A magnetic impact device according to Claim 8, wherein the magnetic impact 
device includes a plurality of hammers and a plurality of chucks and wherein angular 
spaces between the hammers are substantially equal and angular spaces between 
the chucks are substantially equal. 



1 4. A magnetic impact device according to Claim 1 3. wherein said angular spaces 
between the hammers and said angular spaces between the chucks are 
substantially equal. 
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1 5. A magnetic Impact device according to Claim 8. wherein the magnetic impact 
device includes a plurality of hammers and a plurality of chucks and wherein said 
hammers include the magnets whose magnetization direction is along a 
circumferential direction of the shaft such that N-poles and S-poles of the magnets 
are altematively positioned around the shaft 

1 6. A magnetic impact device according to Claim 8. wherein the magnetic impact 
device includes a plurality of hammers and a plurality of chucks and wherein a 
number of said plurality of hammers and a number of said plurality of chucks are 
determined based on a maximum energy variation and a target peak torque of the 
magnetic impact device. 

1 7. A magnetic Impact device according to Claim 8. wherein said at least one 
hammer has a diameter which is determined to increase as a target torque 
increases. 

18. A magnetic impact device according to Claim 8. wherein the magnetic impact 
device includes a plurality of hammers and a plurality of chucks and wherein each of 
said hammers includes first and second magnets whose magnetization direction is 
along a radial direction of tiie shaft. 



1 9. A magnetic impact device according to Claim 8, further comprising: 
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a cylindrical shaft in which the shaft is coaxially provided, said at least one hammer 
being connected to an outer circumferential surface of said cylindrical shaft; and 
a spring connecting said cylindrical shaft and the shaft. 

20. A magnetic impact device according to Claim 1 . wherein said at least one 
hammer is connected to a shaft and wherein said driving unit is configured to move 
said at least one hammer linearly along an axis of the shaft. 

21 . A magnetic impact device according to Claim 20, wherein the magnetic impact 
device includes a plurality of hammers and a plurality of chucks and wherein said 
plurality of chucks are provided to sunx)und said plurality of hammers. 

22. A magnetic impact device according to Claim 21 . wherein said plurality of 
chucks and said plurality of hammers are coaxially provided. 

23. A magnetic impact device according to Claim 20, wherein said at least one 
hammer has a substantially fan-shaped cross section taken along a plane 
perpendicular to an aws of said shaft. 



24. A magnetic impact device according to Claim 20, wherein the magnetic impact 
device includes a plurality of hammers and wherein angular spaces between the 
hammers are substantially equal. 
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25. A magnetic impact device according to Claim 1 , wlierein an air gap between 
said at least one chuck and said at least one hammer Is at most about 0.25 mm. 

26. A magnetic impact device according to Claim 1 . wherein said magnetic 
material is made of a soft magnetic material. 

'3 

27. A magnetic impact device according to Claim 1 9. wherein said spring Is 
configured to store motor energy which Is substantially equal to a peak magnetic 
energy stored in the magnet. 



28. A power tool comprising: 
a magnetic impact device comprising: 
at least one chuck; 

at least one hammer relatively movable with respect to the at least one chuck, 

one of said at least one hammer and said at least one chuck having at least 

one magnet, another of said at least one hammer and said at least one chuck 

having at least one magnet or magnetic material; and 

a driving unit configured to move said at least one hammer relatively to said 

at least one chuck to magnetically generate impact motion of said at least one 

chuck. 



29. A magnetic impact device comprising: 



at least one chuck; 
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at least one hammer relatively movable with respect to the at least one chuck, one 
of said at least one hammer and said at least one chuck having at least one magnet, 
another of said at least one hammer and said at least one chuck having at least one 
magnet or magnetic material; and 

driving means for moving said at least one hammer relatively to said at least one 
chuck to magnetically generate impact motion of said at least one chuck. 

30. A method for magnetically generating impact motion, comprising: 

providing at least one chuck; 
providing at least one hammer; 

providing one of said at least one hammer and said at least one chuck with at least 
one magnet; 

providing another of said at least one hammer and said at least one chuck with at 
least one magnet or magnetic material; and 

moving said at least one hammer relatively to said at least one chuck to magnetically 
generate impact motion of said at least one chuck. 

31 . A method according to Claim 30, wherein a plurality of hammers and a plurality 
of chucks are provided and wherein a number of said plurality of hammers and a 
number of said plurality of chucks are the same. 



32. A method according to Claim 30, wherein a plurality of hammers are radially 
connected to a shaft with substantially equal angle spaces, and wherein a plurality 
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chucks are provided along a circumference of said plurality of hammers with 
substantially equal angle spaces. 

33. A method according to Qaim 30. wherein said at least one hammer includes at 
least one yoke which is made of magnetic material and to which said at least one 
magnet is provided. 

34. A method according to Qaim 33, wherein first and second yokes sandwich said 
at least one magnet therebetween. 



35. A method according to Claim 30, wherein said at least one hammer is rotated 
around a shaft to which said at least one hammer is connected. 

36. A method according to Claim 35, wherein said at least one hammer and said ; 
least one chuck have a substantially fan-shaped cross section taken along a plane 
perpendicular to an axis of said shaft. 

37. A method according to Claim 36, wherein a central angle of the substantially 
fan-shaped cross section of said at least one hammer is substantially equal to a 
central angle of the substantially fan-shaped cross section of s£ud at least one 
chuck. 
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38. A method according to Claim 35. wherein angular spaces between the 
hammers are substantially equal and angular spaces between the chucks are 
substantially equal. 

39. A method according to Qaim 38. wherein said angular spaces between the 
hammers and said angular spaces between the chucks are substantially equal. 

40. A method according to Qaim 35, wherein said hammers Include the magnets 
whose magnetization direction is along a circumferential direction of the shaft and 
N-poles and S-poles of the magnets are alternatively positioned around the shaft. 

41 . A method according to Claim 35, wherein a number of a plurality of hammers 
and a number of a plurality of chucks are determined based on a maximum energy 
variation and a target peak torque of the magnetic Impact device. 

42. A method according to Claim 35, wherein a diameter of said at least one 
hammer is determined to increase as a target torque increases. 

43. A method according to Claim 35, wherein each of said at least one hammer 
includes first and second magnets whose magnetization direction Is along a radial 
direction of the shaft. 



44. A method according to Claim 35, further comprising: 
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coaxially providing tiie sliaft in a cylindrical shaft; 

connecting said at least one hammer to an outer circumferential surface of said 
cylindrical shaft; and 

connecting said cylindrical shaft and the shaft via a spring. 

45. A method according to Claim 30. wherein said at least one hammer is moved 
linearly along an axis of the shaft to which said at least one hammer is connected. 

46. A method according to Claim 45. wherein a plurality of chucks are provided to 
surround a plurality of hammers. 

47 A method according to Claim 46.= wherein said plurality of chucks and said 
plurality of hammers are coaxially provided. 

48. A method according to Claim 45. wherein the magnetic impact device includes 
a plurality of hammers and wherein angular spaces between the hammers are 
substantially equal. 

49. A method accorxiing to Claim 30, wherein an air gap between said at least one 
chuck and said at least one hammer is at most about 0.25 mm. 



50. A method according to Claim 44, wherein said spring stores motor energy 
which is substantially equal to a peak magnetic energy stored in the magnet. 
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51 . A magnetic impact generator comprising: 
at least one cliuck; and 

at least one hammer, one of said at least one hammer and said at least one chuck 
having at least one magnet, another of said at least one hammer and said at least 
one chuck having at least one magnet or magnetic material, said at least one 
hammer being configured to be moved relatively to said at least one chuck to 
magnetically generate impact motion of said at least one chuck. 
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